We explored the association between exposure to environmental tobacco smoke (ETS) and various cardiometabolic biomarkers in 10-year-old children.
Introduction
Exposure to environmental tobacco smoke (ETS) increases the risk of coronary heart disease (CHD) and mortality in adults. 1, 2 Observational studies in adults provide evidence for an association between ETS and endothelial dysfunction, platelet aggregation, acceleration of lipid peroxidation, 3 and an increase in systemically measurable inflammatory markers. 4 Recent evidence also suggests that exposure to ETS carries adverse health effects in children. 5, 6 Exposure to ETS is associated with childhood obesity 7, 8 and the metabolic syndrome in adolescents including high triglycerides. 9 ETS exposure was associated with impaired endothelial function an established precursor of CHD among 11-year-old children in a prospective study in Finland 10 and higher levels of fibrinogen but not of C-reactive protein in 10-to 11-year-old children 11 and in never smoking adults. 12 In adults, markers of low-grade inflammation such as interleukin (IL)-6 13 and, in particular, C-reactive protein are considered as risk factors for the metabolic syndrome 14 and cardiovascular disease (CVD). 15 In addition, markers of the lipid metabolism including apolipoprotein AI (apoAI), apolipoprotein B (apoB), and lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ) have been shown to predict CVD. 16, 17 Leptin correlates with body mass index (BMI) by regulating food intake and basal metabolism, and is linked to CHD. 18 Adiponectin is inversely related to BMI and plays a role in the regulation of insulin sensitivity and fatty acid metabolism 19 . To date, little is known about the relationship between exposure to ETS and biomarkers of cardiometabolic risk in children. The purpose of this study therefore was (i) to explore the association between ETS and plasma concentrations of cardiometabolic markers and (ii) to cluster abnormal levels of cardiometabolic biomarkers according to ETS in a representative large group of 10-year-old children.
Methods

Study population
A cross-sectional study on body weight was undertaken within the framework of a health surveillance program in children. 20, 21 The investigation was coordinated by the Baden-Württemberg State Health Office and approved by the local Ethics Committee. 22 In the state of Baden-Württemberg, six schools were randomly selected, from which 934 children were invited to participate in the study. After written informed consent had been obtained from the parents 536 (47% boys, 53% girls) fourth grade schoolchildren were recruited (October 2004 to March 2005). Data from 450 children (84%) with a complete set of anthropometric and laboratory parameters were available for analysis (47% boys, 27% with low and 34% with high parental education). Information on ETS exposure (yes, no) was available in 439 children. Data of 383 of them with information on the dose of ETS (cigarettes/day) formed the basis of the present analyses (46% boys, 27% with low and 34% with high parental education).
Laboratory methods
Among 450 children non-fasting EDTA blood was drawn. After centrifugation, samples were aliquoted and stored at 2808C until analysis. All laboratory analyses were performed in a single laboratory at the Department of Internal Medicine II-Cardiology, Ulm University Medical Centre. Leptin (ng/mL), adiponectin (mg/mL), and IL-6 (pg/mL) were measured by ELISA (R&D Systems, Wiesbaden, Germany) in EDTA plasma samples. The lower detection limits were 0.057 ng/mL for leptin, 0.246 ng/mL for adiponectin, and 0.039 pg/mL for IL-6. Inter-assay coefficients of variation (CV) were 3.9% for leptin, 5.8% for adiponectin, and 7.7% for IL-6. Lipoprotein-associated phospholipase A 2 (ng/mL) was also determined by ELISA (PLAC test, diaDexus, South San Francisco, USA). Detection limit was 1.3 mg/L and the inter-assay CV was 5.8%. C-reactive protein (mg/L), fibrinogen (g/L), and apoAI (g/L) and apoB (g/L) were measured by immunonephelometry on a BN II analyser (Dade Behring, Marburg, Germany). Detection limits were 0.16 mg/L for C-reactive protein and 0.15 g/L for fibrinogen. The inter-assay CVs were 4.7% for C-reactive protein, and 1.1% for Fibrinogen. The inter-assay CV for apoAI was 6.7% and the corresponding CV for apoB was 4.6%.
For most of the analyzed biomarkers, no accepted external cut-off point was available to define increased concentrations in children. Therefore, we used values above the 90th percentile of the biomarker distribution in our population, except for apoAI and adiponectin, for which the 10th percentile were biologically plausible cut-off points. Sex-specific increased concentrations were calculated separately for boys and girls: C-reactive protein ( 1.65 mg/L for boys and 1.99 mg/L for girls), IL-6 ( 0.28 pg/mL for boys and 0.28 pg/mL for girls), fibrinogen ( 2.82 g/L for boys and 2.92 g/L for girls), apoB ( 0.88 g/L for boys and 0.88 g/L for girls), leptin ( 13.89 ng/mL for boys and 20.16 ng/mL for girls), and Lp-PLA 2 ( 193 ng/mL for boys and 0.192 ng/mL for girls). For adiponectin ( 4.63 mg/mL for boys and 5.17 mg/mL for girls) and apoAI ( 1.29 g/L for boys and 1.27 g/L for girls), elevated levels were defined as values below the 10th percentile.
Exposure
Parental questionnaires were used to collect data on environmental and lifestyle factors. The question 'Is a smoker living in your child's home?' (yes, no) was applied to determine exposure to ETS. And the question 'How many cigarettes are in average per day smoked in your home?' in order to collect information on the dose (none, 1 -10 cigarettes per day, . 10 cigarettes per day). Smoking during the child's first year (yes, no) was assessed with the question: 'Did the child's mother smoke during the child's first year of life?'.
Covariates
The following variables were considered as potential confounders in the analyses: time of breastfeeding (none, 1 -6 months, . 6 months), birth weight (, 2500 g, 2500 g), and educational attainment, which summarizes the highest achieved level of paternal or maternal school education and which was classified in primary school or less (low), secondary school (middle), and grammar school (high).
During a physical examination, height and weight was measured in a standardized manner. Body mass index was calculated as weight (kg)/ height 2 (m).
Statistical analysis
Descriptive analyses were carried out separately for each gender and exposure levels to ETS. P-values were calculated using x 2 test or Fisher's exact test for categorical data and Kruskal -Wallis test for continuous data in order to test differences among ETS levels. Median and interquartile range (IQR, 25th to 75th percentile) were computed for each biomarker using the same subgroups. Except for C-reactive protein, apoAI, and Lp-PLA 2 , no major sex differences were seen, therefore, boys and girls were pooled for application of regression models. Linear regression models for continuous response variables (log-transformed if not normally distributed) as well as logistic regression models for binary response variables were applied using the non-passive smokers as reference. We determined three adjustments for the linear and logistic regression models during the model-building process 23 in order to calculate b-coefficients and odds ratios and 95% confidence intervals (CIs) for biomarker concentrations (continuous) and abnormal biomarker levels (binary). Model 1 was adjusted only for age (continuous); in Model 2, adjustment for age and maternal smoking during child's first year of life (yes/no) was performed, and Model 3 was additionally adjusted for BMI. Since sex-specific cut-off points for the biomarkers were applied, no further adjustment for sex was performed. In addition, clustering of elevated levels by number of cigarettes smoked was determined using all biomarkers. For all statistical analyses, P-values , 0.05 from two-sided tests were considered to be statistically significant. All analyses were performed with the statistical software package SAS release 9.1 (SAS Institute, Cary, NC, USA).
Results
In 127 (33.2%) of 383 children, exposure to ETS has been reported. In both boys and girls, ETS exposure was significantly associated with the duration of breastfeeding, parental education, German nationality, and maternal smoking during the first year of life ( Table 1 ). Children's age was only associated with ETS exposure in boys, whereas BMI was only associated with ETS exposure in girls. In our data, no relationship between birth weight and ETS exposure was seen. Table 2 shows the distribution of cardiometabolic markers by ETS exposure and sex. In boys, exposure to increasing levels of ETS was associated with differences in C-reactive protein, IL-6, and leptin. In girls, significant differences between levels of ETS exposure were observed for IL-6, leptin, apoAI, and Lp-PLA 2 concentrations. Table 3 shows the b-coefficients and 95% CI of the cardiometabolic markers according to ETS exposure levels. In the adjusted model (Model 2), ETS exposure to more than 10 cigarettes per day was positively associated with increased leptin, C-reactive protein, IL-6, Lp-PLA 2 , and a trend was seen for increased fibrinogen concentrations. Between plasma adiponectin, apoAI, and apoB concentrations and ETS exposure, no statistically significant association was observed. With increasing dose of cigarette smoke (1-10 and . 10 cigarettes per day), the associations became stronger, indicating a dose-dependent relationship between ETS exposure and cardiometabolic markers. No substantial changes in the associations between ETS exposure and cardiometabolic markers were found after additional adjustment of Model 1 for breastfeeding, German nationality, parental education, or playing outdoor (data not shown).
As expected, further adjustment for BMI attenuated the relationships (Model 3). Only the association with Lp-PLA 2 concentrations remained statistically significant.
The results for the 90th percentile or 10th percentile, respectively, of cardiometabolic marker as outcome variable are presented in Table 4 . When compared with no exposure, exposure to more than 10 cigarettes of ETS per day was associated with elevated plasma concentrations of leptin, C-reactive protein, and Lp-PLA 2 . Environmental tobacco smoke exposure was also associated with low plasma concentrations of adiponectin and apoAI. Further adjustment for BMI (Model 3) again attenuated the relationships, except for Lp-PLA 2 . Figure 1 shows the clustering of abnormal cardiometabolic marker concentrations by exposure level to ETS. With increasing exposure to ETS, the number of abnormal cardiometabolic markers increased: among children exposed to 1-10 cigarettes per day 50% revealed at least one abnormal marker, and among children exposed to 10 or more cigarettes per day 70% had at least one abnormal marker.
Discussion
There is growing evidence of an association between ETS exposure and obesity in childhood. To date, studies including biomarkers to elucidate such relationship are scarce. The present study provides information on the association between ETS exposure and biochemical markers of metabolism and CVD in children. Both linear and logistic regression models revealed associations between exposure to ETS and cardiometabolic markers including elevated plasma leptin, C-reactive protein, fibrinogen, Lp-PLA 2 , and low apoAI concentrations. Dose-dependent relationships were apparent between ETS exposure and cardiometabolic markers. Our observations indicate a link between exposure to ETS and unfavourable concentrations of cardiometabolic biomarkers in 10-year-old children, which may contribute to CVD risk in later life. 2 Our findings are consistent with previous research showing associations between cigarette smoking and increased prevalence of an inflammatory response, insulin resistance, and dyslipidaemia in adults. 24 -26 Among children, exposure to ETS was related to increased C-reactive protein concentrations, endothelial dysfunction, 10 and the metabolic syndrome. 9, 27 In agreement with these results, we observed a clustering of cardiometabolic markers according to ETS exposure level. 28 
Adipokines
Our observation that ETS exposure is associated with elevated leptin levels is in line with research on childhood obesity. 27, 29 Research in adults revealed inconsistent results. However, it is well established that among adults smoking results in a loss of body weight and changes in body composition. 30 In contrast, our study in children revealed a statistically significant association in the opposite direction, which, however, was attenuated after further adjustment for BMI. Consistent with our observation of an association between ETS exposure and low adiponectin concentrations, lower adiponectin levels were found in adult Japanese smokers compared with never smokers. 31, 32 Thus, low adiponectin concentrations may link smoking with adiposity and insulin resistance.
Markers of inflammation
In line with the literature on active and passive smoking in adults 4, 26 and on ETS exposure in children, 33 we found associations between ETS exposure and higher levels of circulating inflammatory markers in the linear models. In the dichotomized models, only high C-reactive protein concentrations remained significantly associated with ETS exposure, whereas for fibrinogen and IL-6 positive trends were observed. C-reactive protein concentrations were positively associated with IL-6, fibrinogen, and leptin levels. 34 Constituents of ETS may cause a systemic inflammatory response through activation of immune cells, 2, 35 which subsequently may result in vascular damage. 10 
Lipid metabolism
In adults, cigarette smoking is associated with lower HDL and elevated LDL concentrations indicating a more atherogenic lipid profile. 36 Our observation of an association between ETS exposure and low apoAI concentrations is consistent with these findings. Exposure to ETS induces oxidative stress, converting LDL to oxidized LDL (oxLDL In our study, further adjustment for duration of breastfeeding attenuated the relationships between ETS exposure and elevated plasma leptin levels. By exclusion of children with low birth weight (, 2500 g) in the logistic regression models, the strength of the associations was attenuated, but except for Lp-PLA 2 , associations remained statistically significant. After further adjustment for education, the association pattern between ETS and cardiometabolic markers did not change substantially.
Biological plausibility
Various mechanisms have been suggested to link smoking to body weight and body fat distribution. 39 Among young adults, active and passive smoking were both associated with the development of glucose intolerance over 15 years in a dose-response relationship. 25 Recent results in a mouse model have shown a decrease in adiponectin concentrations, enhancement of Th1 response, and a decrease of the HDL/LDL ratio. 40 Limitations and strengths of the study
The association between ETS exposure and cardiometabolic markers may be attributed, at least in part, to residual confounding due to other environmental and lifestyle factors that could not be adjusted for. Other sources of ETS outside the children's homes or even active smoking cannot be excluded. However, in these young children, the latter is unlikely. Smoking variables on exposure time are likely to be correlated, which complicates the detection of associations of ETS and cardiometabolic risk. Other studies revealed a link between socioeconomic factors and ETS exposure. 41 In our study, further adjustment for parental education did not substantially influence the estimates. Similarly, the adjustment for playing outside as an indicator for physical activity, breastfeeding, and German nationality did not appreciably change the pattern of associations between ETS exposure and cardiometabolic markers. Body mass index is a well-established measure to define obesity in population studies, but it should be acknowledged that BMI does not reflect body fat distribution. 42 Furthermore, the application of data on ETS exposure collected by questionnaire instead of cotinine as an objective marker of inhaled smoke may have introduced some bias. However, good correlations between questionnaire data and cotinine levels have been reported. 43 Finally, the cross-sectional study design limits a causal interpretation of our results. The strengths of our study are the measurement of intermediate biomarkers of cardiometabolic diseases, the population-based approach of the survey, and the homogeneous age of the analysed study sample as well as the measurements of the anthropometric variables according to a standardized protocol.
In summary, ETS was associated with several cardiometabolic biomarkers in 10-year-old children, suggesting an adverse effect on the vascular wall very early in life. The clustering of multiple unfavourable biomarkers indicates a dose-dependent relationship. Most importantly from a public health perspective, avoidance of ETS exposure during childhood may reduce risk of cardiometabolic diseases in later life. However, prospective studies will be needed to clarify this relationship. 145 (43) 145 (30) 173 (47) ,0.001 
